The association of hnRNA* with proteins in the form of heterogeneous nuclear ribonucleoprotein particles (hnRNA-protein) is now well established in a wide variety of eukaryotic systems. We therefore surmised that any process involving hnRNA, and possibly its maturation and transport to cytoplasmic mRNA-protein, probably occurs at the level of these particles and is likely to be mediated by some of the associated proteins, which have been found to be quite heterogeneous (Niessing & Sekeris, 1971 ; Matringe & Jacob, 1972; Ducamp & Jeanteur, 1973; Pederson, 1974) . The major drawback to this kind of approach is the absence of a functional criterion for hnRNAprotein. To circumvent this difficulty, we have undertaken a search for enzyme activities which might be in somle way involved in the nucleo-cytoplasmic transfer of those hnRNA sequences destined to become cytoplasmic mRNA. Along this line, our interest in phosphorylation reactions at the level of hnRNA-protein stemmed from the fact that phosphorylated proteins have been found in nearly all classes of nuclear proteins (Gallinaro- Matringe et al., 1975; Rubin & Rosen, 1975) and from our observation of a protein kinase activity endogenous to hnRNA-protein in HeLa cells (Blanchard et al., 1975) . A detailed analysis of protein phosphorylation-in hnRNAprotein was therefore undertaken both in vivo and in citro.
After exposure of HeLa cells to [32P]Pi in vivo, hnRNA-protein purified as described by Kish & Pederson (1975) were found to contain radioactivity covalently bound to proteins in the form of serine and threonine phosphate esters. The association of these phosphoproteins with hmRNA was demonstrated by sedimentation analysis in sucrose gradients, isopycnic banding in CsCl density gradients and chromatography on oligo(dT)-cellulose.
The pattern of radioactive phosphorylated species has been analysed by electrophoresis on sodium dodecyl sulphate/polyacrylamide slab gels followed by radioautography. Although some hot trichloroacetic acid-resistant 3zP radioactivity was present throughout the gel, the largest amount of label was found associated with four discrete bands of mol.wts. 28000,30000,37000 and 52000. Although all the above species appear to be present in hnRNA-protein of different size classes as resolved by sedimentation through sucrose gradients, their relative proportion is not reproducibly constant.
Incorporation of 32P into hnRNA-protein phosphoproteins could be detected after labelling periods as short as 15min. No significant differences in the relative distribution of radioactivity among the above species was found between 1 and 24h labelling times.
Exposure of hnRNA-protein to conditions of increasing ionic strength led to the ready dissociation of the 28000-dalton species, at variance with other labelled species which appeared to be more firmly bound to hnRNA than most proteins.
On treatment with pancreatic and TI ribonucleases, the 28 000-dalton species was also preferentially released, whereas the 37000-dalton species was the main phosphorylated one remaining associated with core structures containing an RNA component resistant to nucleases. hnRNA-protein purified as above from cells either unlabelled or pulse-labelled in vivo with [3H]uridine were able to catalyse the incorporation of radioactive phosphate from [yJ2P]ATP into phosphoserine and phosphothreonine residues of endogenous proteins. Optimal conditions for enzyme activity were defined after investigation of the influence of several parameters on the reaction. The requirement for a bivalent cation * Abbreviation: hnRNA, heterogeneous nuclear RNA. 568th MEETING, ABERDEEN was most efficiently met by 10m-Mg2+, to a lower extent by Mnz+ and not at all by
Ca2+. An apparent Km value for ATP of 2 x M was determined and the enzyme was found to be sensitive top-hydroxymercuribenzoate. Neither cyclic AMP nor cyclic GMP stimulated the reaction over a wide range of concentration, and the same protein substrates were phosphorylated in their presence.
After excluding possible contamination by other subcellular fractions, considerable evidence for the association of kinase and phosphate acceptor proteins with ribonucleoprotein structures containing hnRNA was gathered along several lines by showing that the enzyme activity closely followed [3H]RNA pulse-labelled in the presence of low doses of actinomycin D in the following circumstances: sedimentation in sucrose gradients before and after mild treatment with pancreatic ribonuclease, isopycnic banding in metrizamide density gradients in the presence or absence of MgS+ ions, adsorption to and elution from oligo(dT)+xllulose columns under conditions where poly(A)-containing material is respectively adsorbed and eluted.
Analysis of phosphorylated substrates by electrophoresis on polyacrylamide gels containing sodium dodecyl sulphate revealed that, although they spanned a wide range of molecular weights, the most intensely labelled species were localized in bands corresponding to 37000 and 28000 daltons.
Comparison between phosphorylated polypeptides labelled in vivo and in vitro leads to the following observations. The 28000-and 37000-dalton species appear to be labelled under both conditions. Moreover, the behaviour of species labelled in vitro when hnRNA-protein is exposed to ribonuclease is identical with that of their counterparts labelled in vivo: the 28000-dalton species is preferentially released by such a treatment, whereas the 37000-dalton species appears to remain associated with ribonucleaseresistant structures. Also the 30000-and 52000-dalton particles do not become significantly labelled in vitro.
From these data, we conclude that purified hnRNA-protein is able to carry out aset of endogenous phosphorylation reactions, which partly mimic the phosphorylation pattern observed after labelling in vivo.
